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Objective. This study compared the cutting efficiency of different diamond rotary cutting 
instruments on two ceramic materials when used with an electric handpiece versus an air-
turbine handpiece. The amount of surface roughness exhibited by an electric hand-piece 
	 VII	
was also evaluated in comparison with an air-turbine hand-piece, when used to cut 
through ceramic restorative materials in a simulated crown removal procedure. Materials 
and Methods. One-hundred and sixty ceramic specimens were fabricated from lithium 
disilicate (IPS e.max Press, Ivoclar Vivadent, Amherst, NY) and zirconium oxide 
(ZirCAD, Ivoclar Vivadent, Amherst, NY) with standardized dimensions (5mm x 2mm x 
20mm). Samples were divided into eight groups according to diamond burs types (coarse 
and fine) and type of handpiece used. There were twenty samples in each group.  A 
standardized cutting system, comprised of an air turbine handpiece (Gentleforce LUX 
6000B, Kavo America, Lake Zurich, IL) or an electric handpiece (MASTERmatic LUX 
M25 L High Speed, Kavo America, Lake Zurich, IL), mounted in a brass cylinder 
attached to an L-shaped, clear acrylic resin vertical block by a frictionless bearing, was 
used for sectioning. A cutting force of 0.90 N (102.1 g) was applied to the handpiece at 
the diamond and ceramic specimen interface. A total of eighty cuts were performed in 
each group. Four cuts were made in each substrate with each bur type, using a different 
bur for each block with each cut being timed to 0.1 second to measure cutting efficiency. 
Cutting efficiency was determined as mm/min. These data were analyzed using a one-
way analysis of variance (ANOVA) test with significance set at p < 0.05. A Šidák test 
was used to compare groups. Results. The electric handpiece cut significantly faster (p < 
0.05) than the air turbine handpiece on both the lithium disilicate and zirconia blocks. 
Fine diamond burs cut through lithium disilicate specimens significantly slower than 
coarse diamond burs (p< 0.05) when using the air turbine handpiece. Fine diamond burs 
cut through zirconium oxide faster when compared to coarse diamond burs, but this was 
not statistically significant (p > 0.05). The electric handpiece exhibited a significantly 
	 VIII	
faster rate when cutting through lithium disilicate using fine diamond burs (p< 0.05). In 
regards to surface roughness, zirconia blocks showed smoother surfaces when cut using 
the fine diamond bur and the air turbine handpiece. Conclusions. Within the limitations 
of this study, it is recommended to use an electric handpiece using coarse diamond burs 
when cutting through lithium disilicate and electric handpiece using fine diamond burs 
when cutting through zirconium oxide.  
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Chapter 1  
Introduction 
1.1 All-Ceramic Restorations 
1.1.1 Overview  
        Dental ceramics have long been admired for their biocompatibility and 
aesthetic qualities. Throughout the literature, the reported use of ceramics has 
represented the adoption of high technology and material improvement. Their use 
in dentistry started in 1774 when Parisian dentist, Dr. Nicholas de Chémant, 
succeeded in fabricating a complete denture using porcelain teeth. Since porcelain 
was a new invention in Europe, de Chémant presumably worked to improve 
translucency, moving from tertiary phase diagram of quartz, clay and feldspar 
towards feldspar-rich compositions to improve esthetics.1 
       One major advance in porcelain itself came in 1962 with the development 
of a formulation that could be fired onto common dental casting alloys1 after the 
introduction of the leucite crystalline component.  Leucite was considered a 
strengthening filler since its index of refraction is close to that of the feldspathic 
glass. This provided moderate strengthening of the material without severely 
increasing opacity. In addition, it made the material easy to etch to create 
micromechanical features for resin bonding.  
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       As of today, the last major advance in dental ceramics comes with the 
introduction of transformation toughened zirconia. 2,3 Although most dental 
zirconia is opaque and zirconia copings need to be veneered for high esthetics, 
these prostheses can be quite lifelike.1 
  1.1.2 Classification   
      Based on microstructure, dental ceramics fall within three basic classes: (1) 
predominantly glass; (2) particle-filled glass; and (3) fully polycrystalline 
(Figure1).  Each class is briefly discussed below. It is important to understand the 
fact that highly esthetic ceramics are predominately glass, and ceramics that 
exhibit high strength are generally crystalline. 
 
Figure 1: dental ceramics fall within three basic classes: (1) predominantly glass; (2) particle-
filled glass; and (3) fully polycrystalline.  
Reference: Kelly JR, Benetti P. Ceramic materials in dentistry: historical evolution and current practice. 




  1.1.2.1 Predominantly Glass Ceramics 
      Predominantly glass ceramics have a high content of glass, making this 
type of dental ceramic highly esthetic. This characteristic aids in mimicking the 
optical characteristics of enamel and dentin. Optical effects are controlled by 
adding a small amount of filler particles. Glasses in dental ceramics derive 
principally from a group of mined minerals called feldspar and are based on silica 
(silicon oxide) and alumina (aluminum oxide), hence feldspathic porcelains 
belong to a family called aluminosilicate glasses.4 Glasses based on feldspar are 
resistant to crystallization (devitrification) during firing, have long firing ranges 
(resist slumping if temperatures rise above optimal) and are extremely 
biocompatible. 1 
  1.1.2.2 Particle-filled Ceramics 
      Filler particles are added to a base glass composition in order to improve 
mechanical properties and to control optical effects such as opalescence, color and 
opacity.1 Moderate strength increases can also be achieved with appropriate fillers 
added and uniformly dispersed throughout the glass (dispersion strengthening). 
The first successfully strengthened substructure ceramic was made of feldspathic 
glass filled with particles of aluminum oxide.5 Leucite is also used for dispersion 
strengthening at concentrations of around 40 to 55% mass, much higher than 
needed for metal-ceramics. Commercial ceramics incorporating leucite fillers for 
strengthening included a group that were pressed into molds at high temperature  
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(OPC, Pentron; Empress Esthetic, Ivoclar Vivadent, Amherst, NY, and Finesse 
All-Ceramic, Dentsply Prosthetics, York, PA) and a group provided as a powder 
for traditional porcelain build-up (OPC Plus, Pentron; Fortress, Mirage Dental 
Systems, Kansas City, KS).1 More recently, a glass-ceramic containing 70 vol% 
crystalline lithium disilicate filler has been commercialized for dental use 
(Empress 2, now e.maxPress and e.maxCAD, Ivoclar-Vivadent, Amherst, NY).  
  1.1.2.3  Pollycrystalline Ceramics 
      Polycrystalline ceramics contain no glassy phase. Atoms are densely 
packed into regular crystalline arrangements, making these materials tougher and 
less susceptible to crack propagation. Therefore, these ceramics are generally 
much tougher and more difficult to process than glass ceramics. Polycrystalline 
ceramics tend to be relatively opaque compared to glassy ceramics, thus these 
stronger materials cannot be used for the whole wall thickness in esthetic areas of 
prostheses. These higher strength ceramics often serve as substructure materials 
upon which glassy ceramics were veneered to achieve pleasing esthetics. 
Laboratory measures of the relative translucency of commercial substructure 
ceramics are available, both for a single-layer of materials and for those that are 
veneered. 6,7 
1.1.3  Fabrication and Clinical Application 
     There are different ways to fabricate similar composition ceramics. This 




1.1.3a Slip Casting involves forming a mold of the desired framework 
geometry and pouring a slip into the formed mold. Gypsum is usually utilized to 
form the mold due to its ability of extracting some of the water from the slip. The 
slip then becomes compacted against the mold forming a framework. The 
framework is then removed from the mold by partial sintering. The resulting 
ceramic is very weak and porous and must be infiltered with glass or fully 
sintered before application of the veneering porcelain.
8 
Materials processed by 
this technique tend to have fewer defects from processing, and exhibit higher 
toughness than  conventional feldspathic porcelain.
9 
The use of this technique in 
dentistry has been limited.
8 
This limitation might be due the complicated steps, 
which makes achieving an accurate fit difficult.
10,11,12 
 
In-Ceram Alumina® (Vita Zahnfabrik, Baden-Württemberg, Germany.)  
      This material was first introduced in 1989, and was the first all-ceramic 
system available for single unit restorations and 3-unit anterior FPDs.
13 
A slurry 
of Al2O is applied on a refractory die and sintered for 10 hours at 1120°C.
14,15 
This produces a porous framework of alumina particles which is infiltrated with 
lanthum glass during a second firing for 4 hours at 1100°C. This procedure is 
done to remove porosities, increase strength, and limit crack propagation sites.
15  
Then feldspathic porcelain is used to veneer the produced coping.
16 
      In-Ceram Alumina is considered to be a strong material having a mean 
biaxial flexure strength of 600 MPa.
17 
The material should not be used in esthetic 
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zones because it does not fully allow light transmission.
7 
In-Ceram Alumina is  
recommended for anterior and posterior crowns and anterior FPDs.
18
 
In-Ceram Spinell ® (Vita Zahnfabrik, Baden-Württemberg, Germany)  
      In-Ceram Spinell was introduced in 1994 to overcome the opacity of In-
Ceram Alumina. The framework contains a mixture of magnesia and alumina 
(MgAl2O4) to improve the translucency of the material.
6,7  
The basic principles of 
fabrication are the same as those for In-Ceram Alumina. It has a flexural strength 
of 250 MPa which is lower than that for In-Ceram Alumina.
18 
 Therefore, it is 
indicated for anterior crowns due to its low flexural strength. 
In-Ceram Zirconia® (Vita Zahnfabrik, Baden-Württemberg, Germany)  
      In Ceram Zirconia is considered a modification of In-Ceram Alumina 
system with the addition of 35% of partially stabilized zirconia oxide to the slip to 
increase the strength of the ceramic.
19 
The ceramic is fabricated using the 
traditional slip-casting technique.
20 
In-Ceram Zirconia is considered the strongest 
of three cores of the slip-casting technique having a flexural strength of 700 
MPa.
18 
The material is considered opaque and has poor translucency limiting its 




1.1.3b Powder condensation is a traditional way for fabrication of an all-
ceramic restoration. This technique involves applying moist porcelain using a 
special brush, then compacting the porcelain by removing the excess moisture. 
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The porcelain is then fired under vacuum allowing further compaction.
8 
Ceramics  
fabricated by this technique have a great amount of translucency and are highly 
esthetic 
10
, and are used mainly as veneering layers.
 8 
 
      Powder condensation utilizes feldspathic porcelain. Potassium and sodium 
feldspars are naturally occurring elements composed mainly of potash (K2O) and 
soda (Na2O), they also contain alumina (Al2O) and silica (SiO2). Leucite and a 
glass phase are formed when potassium feldspar is fired to high temperatures. 
This glass phase softens during firing, allowing coalescence of the porcelain 
powder particles. This process is called liquid phase sintering. This process 
occurs at a relatively high temperature allowing the formation of a dense solid. 
Since leucite has a large coefficient of thermal expansion, it is added to some 
glasses to control their thermal expansion. Feldspathic porcelain is composed 
mainly of oxide components including SiO2 (52-62% wt), Al2O (11-16% wt) 
K2O, Li2O, and B2O as additives. 
1.1.3c Hot pressing molds for pressable dental ceramics are formed utilizing 
the lost wax technique. Pressable ceramics are available as glass-ceramic ingots 
which are supplied from manufacturers. The ingots have a similar composition of 
powder porcelains, however; they have less porosity and more crystalline content. 
The ingots are heated to a high temperature where they become a highly viscous 
liquid, and then pressed slowly into the formed mold. The advantage of this 
technique is that it utilizes the experience that the lab technician already has in 
lost wax method with metal alloys.
11,12  
IPS Empress® and IPS Empress 2® 
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(Ivoclar Vivadent, Amherst, NY) are representatives of materials utilizing hot 
pressing technique for fabrication.  
IPS Empress® (Ivoclar Vivadent, Amherst, NY) 
     IPS Empress is a leucite-reinforced glass ceramic (SiO2,Al2O3, and 
K2O).
22 
IPS Empress has a low flexural strength of 112±10 MPa limiting its use 
to single unit complete-coverage restorations in the anterior region.
18,22 
 
IPS Empress 2® (Ivoclar Vivadent, Amherst, NY)  
      IPS Empress 2 is a lithium-disilicate glass ceramic (SiO2-Li2O).
20 
IPS 
Empress 2 has a flexural strength of 400±40 MPa which is much higher than that 
of IPS Empress.
 18,22  
Its increased flexural strength makes it suitable for 




      Both IPS Empress and IPS Empress 2 are recommended in situations 
where average to high translucency is needed.
7 
They are considered as 
monochromatic restorations which can be surface characterized to the desired 




     Another example is IPS e.max Press® (Ivoclar Vivadent, Amherst, NY), 
which was introduced in 2005. It is considered an enhanced press-ceramic 





1.1.3d Computer-aided design/computer-aided manufacturing 
(CAD/CAM) refers to computer software that is used to both design and 
manufacture products. Typically, CAD/CAM dental restorations are milled from 
solid blocks of ceramic or composite resin that closely match the basic shade of 
the restored tooth. After the tooth is prepared, an optical impression is taken for 
the preparation by a special scanner. The image is then transferred to the system’s 
software. The scanned data is converted into Stereolithography (STL) format. 
Then the software designs the restoration. When the design of the restoration is 
complete, the CAD software transforms the virtual model into a specific set of 
commands. These in turn drive the CAM unit which mills the designed 
restoration. The data from the CAD software is then converted into milling 
sequence using CAM software and loaded into the milling device to mill a 
restoration out of the stock material. Stains and glazes can be fired to the surfaces 
of the milled ceramic crown or bridge to correct the otherwise monochromatic 
appearance of the restoration. The restoration is then adjusted and cemented or 
bonded in place.  
Examples of materials available for the CAD/CAM technology:
27 
 
(a) Silica based ceramics (b) Infiltration ceramics  (c) Oxide high performance 
ceramics  
(a) Silica based ceramics:
 28
 Mark II Vitablocks (Vita) monochrome glass 
ceramic blocks compatible with Cerec 3, inLab can be used for veneers and full  
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crowns. IPS e.max CAD (Ivoclar Vivadent, Amherst, NY) monochrome glass  
ceramic blocks compatible with inLab, can be used for anatomical crowns, 
copings and anterior three unit FPD’s. IPS Empress CAD (Ivoclar Vivadent, 
Amherst, NY) multi polychromatic glass ceramic blocks compatible with inLab 
can be used for veneers and full anatomic crowns in both anterior and posterior 
regions. Glass ceramics are particulary well suited for chair side application as a 
result of their translucent characteristics appear esthetically pleasing even without 
veneering. 
(b) Infiltration ceramics: These ceramics are processed in porous, chalky 
conditions and then infiltrated with lanthanum glass. Vita InCeram (Vita) offers 
three variations:  
i. Vita InCeram alumina – copings in anterior and posterior regions, 3 unit 
FPDP frameworks in the anterior region. 
ii. Vita InCeram zirconia (70% Al2O4, 30% ZrO2) – copings in anterior and 
posterior regions, 3-unit FPD frameworks in the anterior and posterior region. 
Because of its superior masking ability can be used for discolored abutment teeth.  
iii. Vita InCeram spinel (Mg Al2O4) – has the highest translucency of all oxide 
ceramics and hence applied to produce highly esthetic anterior crown copings, in 
young patients.  
(c) Oxide high performance ceramics: Aluminium oxide and zirconium oxide 
are available for CAD/CAM purposes.  
     Lithium disilicate ceramic blocks have high strength (360 MPa) making them 
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suitable for fabrication of posterior crowns and 3-unit FPDPs.
26,27,29,30
An 
example of a lithium disilicate ceramic block is the IPS e.max® CAD which is 
used frequently because of its superior esthetics, excellent color stability, and its 
high resistance to wear. 
31
 
     High-strength ceramics, such as lithium disilicate glass ceramics and 
zirconia, have enabled monolithic crown designs with improved lifetime.
 32
 
Despite the promising mechanical properties of these materials, they share the 
fabrication limitations of established dental ceramic materials, including (a) they 
are brittle and difficult to machine; (b) machining in the CAD/CAM fabrication 
process produces poor surface quality due to machining traces, surface and 
subsurface damage; (c) efficient polishing techniques need to be developed to 
minimize machining traces, surface and subsurface damage; (d) the influence of 
surface quality of engineered crowns on their wear and fatigue behaviour is 
poorly understood. 
33 
Thus, there is an urgent need to improve the reliability of 
advanced ceramic crowns which relies on their manufacturing quality to obtain 
optimal wear and fatigue performance. 
33 
1.1.4 Lithium Disilicate Ceramics 
      The material is used in the dental laboratory in conjunction with either 
press or CAD/CAM technology. IPS Empress 2 (Ivoclar Vivadent, Schaan, 
Liechtenstein) is a lithium-disilicate glass ceramic (SiO2-Li2O) that is fabricated  
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through a combination of the lost-wax and heat-pressed techniques.
34 
To 
maximize the functional requirements of these materials, Ivoclar Vivadent, Inc. 
has introduced IPS e.max lithium disilicate glass ceramic. IPS e.max Press 
(Ivoclar Vivadent, Amherst, NY) was introduced in 2005 as an improved press-
ceramic material compared to IPS Empress 2. It also consists of a lithium 
disilicate pressed glass ceramic, but its physical properties and translucency are 
improved through a different firing process.
 35
   
       IPS e.max lithium disilicate blocks are milled via CAD/CAM technology. 
Figure 2 shows the microstructure of the resulting prosthesis after heat treatment. 
The material consists of approximately 70% volume of needle-like lithium 
disilicate crystals that are crystallized in a glassy matrix. Due to its strength and 
versatility, the material can be utilized for anterior/posterior crowns, 
inlays/onlays, veneers, thin veneers, telescopic crowns, and implant restorations.  
 
Figure 2: The microstructure of the pressable lithium disilicate (i.e., Li2Si2O5) material 
consists of approximately 70% volume of needle-like lithium disilicate crystals that are 
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crystallized in a glassy matrix.  
(Ivoclar Vivadent, 2009, Lithium Disilicate: The Future Of All-Ceramic Dentistry, retrieved 
from www.ivoclarvivadent.com) 
1.1.5 Transformation Toughened Zirconium Oxide 
1.1.5.1 Properties 
    The fracture toughness and strength of zirconia involves an additional 
mechanism not found in other polycrystalline ceramics. Zirconia is a polymorphic 
material that occurs in three forms. Unlike alumina, zirconium oxide is 
transformed from one crystalline state to another during firing. At its melting 
point of 2680°C, the cubic structure exists and transforms into the tetragonal 
phase below 2370°C.36,37,38 The tetragonal-to-monoclinic phase transformation 
occurs below 1170°C and is accompanied by a 3-5% volume expansion which 
causes high internal stresses.37,38,39 Yttrium-oxide (Y2O3 3% mol) is added to 
pure zirconia to stabilize it in the tetragonal phase at room temperature.29 This 
partially stabilized zirconia has high initial flexural strength and fracture 
toughness.29 Tensile stresses at a crack tip will cause the tetragonal phase to 
transform into the monoclinic phase with an associated 3-5% localized 
expansion.39 The volume increase becomes beneficial, essentially creating 
compressive stresses at a crack tip, which in turn counteracts the local tensile 
stress intensity, and makes crack propagation more difficult. Zirconia-based 
ceramics are recommended for FPDPs, as they have the highest failure loads 
when compared to lithium-disilicate-based ceramics.35 
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1.1.5.2 Clinical Application 
      Zirconia has become the restorative material of choice due to its 
advantageous mechanical properties and biocompatibility. Veneering porcelains 
have been used to coat the surface of zirconia to enhance the aesthetic appearance 
of prostheses. Nevertheless, porcelain-veneered zirconia restorations are prone to 
failure due to the fracture of the veneering layers. Delamination of porcelain from 
intact zirconia framework was recently reported as the most common failure 
mode of these restorations. 40 In a study by Sui et al,41 the nature of the interfacial 
bonding and failure modes on samples of broken porcelain-veneered sintered 
zirconia restorations were studied using Environmental Scanning Electron 
Microscopy (ESEM) with Energy-Dispersive X-ray (EDX) analysis. Typical 
fractographic features were observed in broken porcelain-zirconia prosthesis. The 
chipping mode fractures in the veneering porcelain indicated the dominance of the 
cohesive fracture mode, in agreement with clinical experience reported in the 
literature. The crack initiation and propagation within the veneered porcelain 
layer was also observed and analyzed by a further examination of the 
fractographic features on both the prosthetic samples and the fractured surface of 
porcelain zirconia bars. The results of that study indicated that the crack initiated 
at the location of maximum stress (point of occlusal contact).  
       Monolithic zirconia ceramic (MZC) restorations may present some clinical 
advantages over veneered zirconia restorations. In a study by Nakamura et al., 42  
the effect of the axial and occlusal thickness of MZCs on the fracture load was 
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tested. The fracture resistance of MZCs with reduced thickness was compared 
with that of monolithic lithium disilicate crowns with regular thickness. The load-
to-failure test revealed that the fracture load of the zirconia crowns with occlusal 
thickness of 0.5 mm (5558 ± 522 N) was significantly higher than that of lithium 
disilicate crowns with occlusal thickness of 1.5 mm (3147 ± 409 N). The axial 
wall thickness did not affect the fracture resistance of MZCs.	An example of 
monolithic zirconia is: BruxZir - Glidewell Lab, Newport Beach, CA. 	
       Indications for the uses of monolithic zirconia include single posterior 
restorations, FPDPs, implant crowns, implant abutments, inlays and onlays. 
Cementation of this material offers a wide variety of options including 
conventional cementation (GC Fuji Plus, GC America, Chicago, IL, Rely X 
Luting Cement, 3M, Detroit, MI), adhesive cements and/or self-adhesive cements 
(Rely X Unicem, 3M, Detroit, MI; Multilink, Ivoclar Vivadent, Amherst, NY; 
Maxcem Elite, Kerr, Orange, CA; Panavia, Kuraray, New York, NY).  
     Zirconia supported/ layered restorations do not have the strength of the 
monolithic counterpart, therefore these materials more indicated in cases that 
demand higher aesthetic results. Current examples are: Lava DVS - 3M, Detroit, 
MI; IPS e.max ZirPress - Ivoclar Vivadent, Amherst, NY; Cercon Ceramco PFZ, 
Dentsply, York, PA, Cercon Ceram Kiss – Dentsply, York, PA. IPS e.max  
ZirCAD, with new zirconium oxide discs and blocks allows the fabrication of 
restorations that have clearly reduced wall thickness, enabling a tooth-conserving  
preparation design. Applications range from monolithic and veneered crowns and  
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bridges to implant-supported superstructures. Both IPS e.max ZirPress and IPS 
e.max ZirCAD are indicated for single restorations, anterior and posterior 
bridgework, implant superstructures, inlay-retained bridges and gingival portions 





















1.2 Dental Handpieces  
       Dental handpieces have been among the most frequently used rotary mechanical 
devices in dental offices. Traditional handpieces are either air-driven or electrically 
driven.  In most cases, ceramic restorations may require intraoral or extraoral adjustments 
for occlusal fits using clinical dental handpieces with abrasive burs.
 
Due to the brittle 
nature of ceramics, machining-induced surface and subsurface damage has been a 
persistent problem in ceramic crowns obtained by abrasive manufacturing processes, 
which can lead to catastrophic failure of the crowns.
 8,35,43,44
  Although electric motor 
handpieces have been in use since the 1960s, most of the studies comparing the cutting 
efficiency of different burs on different materials have used the high-speed air-turbine 
handpiece, which have been more common in clinical practice.  
     Air-driven handpieces operate using a compressor to produce compressed air that 
drives the handpiece. The handpiece consists of a turbine (Figure 3) containing bearings 
and o-rings, and a chuck mechanism is used to introduce burs, hold the burs while static 
or rotating during use, and to release them. The chuck utilizes either a friction grip or a 
push-button mechanism, depending on the model. These handpieces have wider/thinner 





Figure 3: Air-driven handpiece turbines  
(Little D. (2009, January). Handpieces and Burs: The Cutting Edge. Retrieved from http://ineedce.com) 
 
     On the other hand, electrically driven handpieces operate using a simple electricity 
supply to power the electric motor through a control unit.  Electric handpieces have fully 
adjustable bur speed, which can be adjusted with a dial or foot control. The maximum 
free-running revolutions per minute (rpm) rate of an electric handpiece are generally 
lower than that of an air-turbine (200,000 versus 400,000). 
45
 The electric handpiece has 
variable power and higher torque than the turbine and is designed to maintain a set 
running speed, with little chance of stalling during tooth preparation. It is also quieter, 
exhibits less vibration, and provides a precise cut with high concentricity. 
46,47
 Because 
the speed and torque are constant, removing difficult crowns, bridges, and restorations 




Figure 4: Electric handpiece units  
(Little D. (2009, January). Handpieces and Burs: The Cutting Edge. Retrieved from http://ineedce.com) 
 
       Overheating can occur if an electric handpiece is poorly maintained, because the 
unit compensates for poor function by automatically increasing power – which in turn 
rapidly generates more heat. Unlike air-driven handpieces, which perform slowly and 
haltingly when damaged, malfunctioning is thus less readily apparent until it is advanced. 
Maintenance of electric handpieces is critical to avoid undetected overheating. In 
addition, as with air-driven handpieces, failing chuck mechanisms must be replaced. 
Therefore, the proper selection of a handpiece and burs is key for effective adjustment of 
dental materials in an efficient manner that also maximizes ergonomics for the clinician 
and minimizes patient discomfort. Another advantage of the electric handpiece system is 
that the electric handpiece generally produces significantly lower temperatures in pulp 
chamber than the turbine, when used with the same total water flow (40 ml/min).
45 
 
       There are very few studies in which the cutting efficiency was compared between 
an electric handpiece and an air-turbine handpiece. In a study by Kenyon et al,
46
 cavity 
preparations made with both the electric and the air-turbine handpieces were compared, 
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and it was found that scores earned by students using an electric handpiece versus an air-
turbine handpiece were not significantly different. Eikenberg
48 
compared the cutting 
efficiency of an electric motor handpiece versus an air-turbine handpiece using Macor (a 
glass ceramic) blocks. Two different types of electric motor handpieces were compared 
to an air-turbine handpiece, using two different amounts of force. Results revealed that, 
for both forces, electric motor handpieces demonstrated greater efficiency in cutting the 
machinable glass ceramic than the air- turbine handpiece. A similar study by Choi et al,
49 
compared the cutting efficiency of an electric handpiece and an air-turbine handpiece, 
using Macor, silver amalgam, aluminum oxide, zirconium oxide, high noble metal alloy, 
noble metal alloy, and base metal alloy. They concluded that the electric handpiece is 
more efficient at cutting various materials used in dentistry, especially machinable glass 












1.3 Diamond burs 
        Diamond burs are generally used in dentistry for reducing tooth structure for 
restorative purposes or to remove, adjust, and refine ceramic restorations. Unlike carbide 
burs, diamond burs usually have a more pronounced decrease in cutting effectiveness 
over time leading to a shorter lifespan. Diamond burs are most commonly a friction grip 
type because they are used primarily in high-speed handpieces and come in a variety of  
shapes and sizes. 
      Diamond burs also come in a variety of abrasive particle sizes. Coarse and super-
coarse diamond grits for tooth reduction, whereas fine and super-fine for grinding and 
polishing (Figure 4). Diamond particles, natural or synthetic, are attached to a machined 
metal blank in various ways. The most common method used is by electrolytic co-
deposition with a matrix metal onto the blank. Other methods of attaching the diamonds 
to a stainless steel blank are brazing and sintering, or with an adhesive. Fine grit diamond 
burs have an average particle size of 24 to 40 µm, while coarse-grit burs have a particle 
size of 100 to 150 µm.
50
  Table 1 shows a comparison between different sizes of abrasive 
particles of diamond burs. Coarse grinding tools leave behind striations, with fine and 
extra fine diamonds are suitable for finishing. In improving the grinding efficiency for 
high strength ceramics by CAD/CAM, one of the effective methods is to use large 
diamond particles. Some points were made with diamond particles of a diameter of 120 
and 150 µm, and the grinding efficiency for ceramics improved. In other words larger 
diamond particles usually result in greater grinding efficiency
51 




(Information provided from the manufacturers) 
Extra-fine 15 - 30 μm 
Fine 24 - 40 µm 
Regular 75 – 125 µm 
Coarse 100 – 150 µm 
Extra-coarse 125 – 180 µm 
          Table 1. Comparison between diamond burs grit by particle size.  
 
  
Figure 5: Scanning electron microscopy (SEM) images. Upper left, 16-fluted (left) and 8-fluted (right) 
tungsten carbide finishing burs. Upper right, Fine diamond bur. Bottom left, Medium-grit diamond bur. 
Bottom right, Coarse-grit diamond bur.  
Reference: Anusavice K, Shen C, Rawls R. (2003) Phillips' Science of Dental Materials. St. Louis, 
Missouri.  
	 23	
        A study conducted by Siegel and von Fraunhofer in 2000,
 52 
evaluated the cutting 
efficiency of three diamond burs. The authors compared the cutting rates of medium, 
coarse and supercoarsegrit diamond burs to cut a machinable glass ceramic cutting 
substrates. Cutting efficiency was determined by evaluating the individual weight loss for 
each cutting run. They calculated the mean amount of substrate material removed with 
each bur and compared these mean amounts using one-way analysis of variance. They 
concluded that cutting efficiency depends on both the diamond bur grit size and the 
duration of the cutting procedure. Over short cutting periods, medium, coarse and 
supercoarsegrit diamond burs have comparable cutting rates. They found no difference in 
cutting efficiency between coarse-and supercoarsegrit diamond burs.  
        Another study compared different diamond burs and different water flow rates on 
the cutting efficiency of sectioning through lithium disilicate glass ceramic.
53
 The authors 
used a standardized cutting regimen with four brands of diamond burs to section through 
lithium disilicate glass ceramic blocks. They found that there are differences in cutting 
efficiency between diamond burs when sectioning lithium disilicate glass ceramic. Water 
coolant flow (20 mL/mm) was used when sectioning lithium disilicate glass ceramic with 
dental diamond burs to maximize cutting efficiency. The diamond bur that cut most 
efficiently had a coarse grit size of 151 microns and the least efficient bur had a much 
finer grit. But grit size may not be the only component of rotary instruments that needs to 
be considered in sectioning these very hard and tough ceramics. The other two brands 
that were not the most efficient nor the least efficient had grit sizes of a fine (proprietary  
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by the Premier Dental Products, Plymouth Meeting, PA) and a medium grit size (126 µ 
Komet-ZR, Rock Hill, SC	). 
         A few studies have been performed to compare disposable and conventional 
diamond burs. An in-vitro study measured the cutting efficiencies of 15 types of round-
end tapered conventional and disposable diamond burs.
 50
 The results showed that 
disposable diamond burs had cutting efficiencies that were comparable to those of 
conventional (multi-use) diamond burs. Additionally, it could be argued that their use 

















1.4 Significance  
    Electric motor high-speed hand-pieces are becoming more popular in dental offices. 
It has been reported to cut more precisely and to assist in the creation of finer margins 
that enhance cavity preparations.
54  
There are very few studies in which the cutting 
efficiency was compared between an electric handpiece and an air-turbine handpiece. 
Cutting efficiency of these instruments includes the removal of the maximum amount of 
tooth structure/dental material with the minimum amount of effort and time, and several 
factors are involved. Eikenberg compared the cutting efficiency of the electric motor 
handpiece versus the air-turbine handpiece using Macor blocks. 
48 
Two different types of 
electric motor handpieces were compared to an air-turbine handpiece, using 2 different 
amounts of force. Results revealed that, for both forces, electric motor handpieces 
demonstrated greater efficiency in cutting the machinable glass ceramic than the air- 
turbine handpiece.  
    Since electric motors are capable of providing smoother, more consistent power, it 
is believed that they might be more efficient as a power source in dental hand-pieces for 
the cutting of very hard ceramic materials. In this study, an electric hand-piece and an air-
turbine hand-piece will be tested for cutting efficiency on zirconium dioxide and lithium 
disilicate restorative materials, which are now widely used in clinical restorative 
dentistry. The results will aid dental clinicians in determining the best approach, in regard 




1.5 Purpose of the study  
          Ceramic restorations may require intraoral or extraoral adjustments to obtain a 
proper occlusion and interproximal fit using clinical dental handpieces with abrasive 
burs. The latter may cause detrimental surface alteration or substructure damage to 
ceramics. Factors among material surface damage induced and time efficiency can 
influence the choice of dental hand-piece. This study evaluated cutting efficiency of 
dental handpieces when used to section through lithium disilicate and zirconia blocks.  
First, the author compared the cutting efficiency of different diamond rotary cutting 
instruments when used with air-turbine hand-pieces (Control group) to a group using an 
electric handpiece (Test group).  
          Secondly, the amount of surface roughness exhibited by an electric hand-piece 
was evaluated in comparison with an air-turbine hand-piece, when used to cut through 
ceramic restorative materials in a simulated crown removal procedure. The study 
addressed the perceived superiority of electric hand-pieces over air-turbine hand-pieces in 
a controlled measurable fashion. The results could aid dental clinicians in determining the 
best approach, in regard to instrumentation, that would provide maximum efficacy and 








1.6   Specific Aims 
(1) To evaluate the cutting efficiency of different diamond rotary cutting 
instruments when used with air-turbine and electric handpieces. 
(2) To evaluate the amount of surface roughness induced by an electric hand-
piece, in comparison with an air-turbine hand-piece, when used to cut through 
ceramic restorative materials in a simulated crown removal procedure. 
 
1.7  Hypotheses 
1.7.1 Null Hypotheses 
(1) There is no difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an air-turbine handpiece on lithium disilicate 
ceramics.  
(2) There is no difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an electric handpiece on lithium disilicate ceramics.  
(3) There is no difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an air-turbine handpiece on zirconium oxide 
ceramics. 
(4) There is no difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an electric handpieces on zirconium oxide ceramics. 
  
1.7.2 Research Hypotheses  
(1) There is difference in the cutting efficiency of fine diamond burs and coarse  
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diamond burs when using an air-turbine handpiece on lithium disilicate 
ceramics.  
(2) There is difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an electric handpiece on lithium disilicate ceramics.  
(3) There is difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an air-turbine handpiece on zirconium oxide 
ceramics. 
(4) There is difference in the cutting efficiency of fine diamond burs and coarse 
diamond burs when using an electric handpieces on zirconium oxide ceramics. 
	
 1.8  Location of the study	
	
      The preparation of all specimens took place at: Dental Laboratory (Comprehensive 
Dental Studio Incorporated, Davie, FL, USA). The specimen sectioning and surface 
evaluation took place at: Biomaterial Research Center, Room 7356, Nova Southeastern 
University, Health Profession division, College of Dental Medicine, 3200 South 










Materials and Methods 
 
2.1 Experimental Design  
       Two different ceramic materials were used for evaluation in this research study. 
The dental porcelain selected was lithium disilicate glass ceramic (IPS e.max Press, 
Ivoclar Vivadent, Amherst, NY) commonly used for inlays, onlays, and full-coverage 
restorations. Specimens, 18mm X 6mm X 3mm in dimension, were prepared by pressing. 
All the surfaces were sand-blasted to achieve a uniform surface texture. The sintered 
yittrium-stabilized zirconium oxide evaluated was ZirCAD (Ivoclar Vivadent, Amherst, 
NY). It was prepared by milling and followed by sintering. Table 3 shows the two 
ceramic materials used in this study. The test specimens were received in the form of bars 
with a rectangular cross-section 18 mm X 6 mm X 3 mm. The received specimens had 
been prepared by grinding with diamond burs with different grain sizes. Diamond burs 
(coarse and fine) were used from one manufacturer (DuraCut, Brassler USA, Savannah, 
GA) to section through the ceramic blocks (Li2O.ZrO2 and ZrO2) (Table 4).  
      Cutting studies were performed using a previously established testing regimen for 
diamond burs (Figure 6) that was modified to include two types of handpieces, two 
different ceramic materials and two types of diamond burs. The cutting system included a 
high-speed air turbine hand-piece (Gentleforce LUX 6000B, Kavo America, Lake Zurich, 
IL) or an electric handpiece (MASTERmatic LUX M25 L High Speed, Kavo America, 
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Lake Zurich, IL) (Table 5), with each mounted in a brass cylinder attached to an L- 
shaped, clear acrylic (Plexiglas) vertical block by a frictionless bearing.  
       The bur was oriented approximately parallel to the surface of the specimen. The 
cutting sequence consisted of cutting a series of four cuts with each bur along the length 
of the porcelain and zirconia bars. All performed cuts were 4 mm in length and 3 mm in 
depth. Specimens were divided into eight groups as illustrated in Table 1 and Figure 7. 
Eighty cuts on twenty specimens were performed in each group. Each type of ceramic 
material received 320 total of cuts using two different handpieces and two different 
diamond burs.  
      Specimens were then randomly selected from each group to evaluate surface 
roughness. A total of 96 tracings were obtained.  Surface roughness was measured by 
means of a stylus profilometer (Mitutoyo Surftest SV-514; Mitutoyo America Corp, 
Aurora, IL). Three traces were made at different positions along each machined surface. 
Six tracings per specimen were recorded. Twelve tracings were obtained for each group. 





Figure 6: Testing apparatus. Image of the high-speed electric handpiece used in this study. 
 
	
Table 2.  Groups tested.  
Group 1 Air-turbine Hand-piece and Coarse Diamond bur on Zirconia blocks. 
Group 2 Air-turbine Hand-piece and Fine Diamond bur on Zirconia blocks. 
Group 3 Air-turbine Hand-piece and Coarse Diamond bur on LDGC blocks. 
Group 4 Air-turbine Hand-piece and Fine Diamond bur on LDGC blocks. 
Group 5 Electric Hand-piece and Coarse Diamond bur on Zirconia blocks. 
Group 6 Electric Hand-piece and Fine Diamond bur on Zirconia blocks. 
Group 7 Electric Hand-piece and Coarse Diamond bur on LDGC blocks. 





Table 3. Ceramic materials tested.  
CERAMIC MATERIAL TRADE NAME MANUFACTURER 
Sintered yittrium-stabilized 
zirconium oxide  
ZirCAD Ivoclar Vivadent 
Pressed lithium disilicate glass 
ceramic  
IPS e.max Press Ivoclar Vivadent 
 











1.26 mm 1.59 mm FINE 








Table 5. The dental handpieces used in this study.  
TYPE OF HANDPIECE TRADE NAME 
Air-turbine Handpiece Gentleforce LUX 6000B, Kavo America 
16 watts of power at 400,000 rpm  
3-port spray 
Electric Handpiece MASTERmatic LUX M25 L High Speed, Kavo America 












2.1.1 Sample size calculation 
     The sample size estimate was based on the work of Nakamura et al (2015). Using 
a medium effect size (.30), and an alpha of 5%, we find that 20 observations per 
group provided adequate power (80%).  
2.1.2 Pilot Study 
A pilot study was conducted using two samples of each ceramic material. Two 
handpieces were used to section through each material. The cutting was timed using 
a digital stopwatch (Fitdom, Moorpark, CA). All techniques and equipment were 
adjusted and reviewed. The researcher was familiar with the method of sample 
preparation and the testing machine.  
 
2.2 Material Sectioning 
         For this study, the cutting system incorporated a high-speed air turbine hand-
piece or an electric handpiece. Each handpiece was mounted in a brass cylinder attached 
to an L- shaped, clear acrylic (Plexiglas) vertical block as shown in Figure 3.  The cutting 
substrate was mounted firmly in a stainless steel holder attached to the base of the cutting 
assembly. The handpiece operated at 340,000 rpm under a constant air pressure of 55 
pounds per square inch (translated to 33 psi at the handpiece). The applied cutting force 
at the bur tip was achieved by attaching a weight of 147.5 g
47
 to the handpiece head. The 
actual force at the bur tip was calculated as follows: 
48 




Where “p” equals load, “w” equals weight in grams, ”d” equals distance from pivot to 
weight (red line) and “D” equals distance from pivot to bur tip (blue line).  
        The diamond bur was placed parallel to the substrate and pulled perpendicularly 
down onto the substrate. The substrate was leveled and marked before each run and cut to 
a length of four millimeters. Each bur made a series of 4 four cuts per sample using the 
length of 4 mm of bur through the 3 mm thickness of substrate. Before each series of 
cuts, a few drops of handpiece lubricant (KaVo, Lake Zurich, IL) were placed into the 
chuck opening on the high speed handpiece for one second and then run for 30 seconds. 
Sectioning was performed under a water coolant flow rate of 20 milliliters per minute. 
Proir each cutting series, water samples were collected into weighed glass receptacles 
after one minute of handpiece operation. Air pressure and water coolant flow were 
monitored regularly throughout the study to maintain a standardized setting.  
       Commercial diamond burs with different particle sizes were used from one 
manufacturer (DuraCut,Brassler USA, Savannah, GA) to section through pressed 18 mm 
x 6mm x 3 mm blocks of lithium disilicate glass-ceramic (LDGC) and zirconium oxide. 
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The length of 4 mm of bur was used to section through the 3 mm thickness of substrate.  
Groups tested are shown in Table 1. LDGC and zirconium oxide ceramic specimens were 
used as the cutting substrates during the course of the cutting studies for both surface 
roughness examination and cutting efficiency (time to perform the cut). Rectangular 
blocks of lithium disilicate (Pressed IPS e.max, Ivoclar, Amherst, NY) and zirconium 
oxide (ZirCAD) were specifically manufactured by Dental Services Group (DSG) 
laboratory (Clearwater, FL). All performed cuts were 4 mm in length and 3 mm in depth. 
Twenty specimens of each type of ceramic were used and a new diamond bur was used to 
make four cuts in each specimen. 
2.2.1 Time measurement 
       In the first part of this study, an electronic stopwatch (Fitdom, Moorpark, CA) 
calibrated to 0.1 second was used to record the time required to section through the 
ceramic blocks. This was later converted as a relative measure of cutting efficiency. 
Mean values and standard deviations from the three repeat adjusting tests was obtained 
for cutting rates. The cutting rates of two types of diamond burs used and the cutting rates 
of the same bur on two different types of ceramic blocks were compared. Mean 
differences in cutting rate between groups were compared using the Šidák test. 
2.2.2 Profilometry 
        Two ceramic blocks from each group were randomly selected and evaluated only 
the first cut on each specimen. A total of 96 tracings were obtained. Figure 8 illustrates 
the sample selection for the evaluation of surface roughness. The modified surface was 
protected using type II inlay wax. The specimen was sectioned using perforation disc and 
laboratory motor. The surfaces were then cleaned with alcohol prior to testing (Figure 9).  
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In the second part of the study, the cut ceramic specimens were evaluated for surface 
roughness and residual damage using a 3D stylus profilometer (Dektak 8; Veeco, USA) 
(Figure 10). The modified surfaces of each selected specimen were properly positioned 
on the sample holder facing the stylus.  The stylus traveled along the length of the cut 
surface (scanning mode) and obtained the surface topography. Two readings were taken 
perpendicular to the direction of the cut and one reading with the direction of the cut. The 
roughness average (Ra) is an average of the absolute values of the roughness profile 
ordinates. It gives a good general description of the height variations in the surface. In the 
present study, Ra (mean height) was documented for each of the 6 tracings per sample. 
Horizontal and vertical distances were taken as well. A total of 12 tracings per group 









                      Figure 8: Diagram illustrates sample selection for profilometry and the distribution of 96 total  
                                      tracings.  
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Figure 9:  Preparation of the randomly selected specimens for the profilometry. Type 








      
 
Figure 10: Surface roughness evaluation using profilometry. 
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2.3 Data and Statistical Analyses 
      The cutting efficiency was based on the length of time required to perform the cut 
that was 4 mm in length and 3 mm depth of cut. This was converted to mm/min. Data 
was initially collected from documented time measurements and presented in a tabular 
method. Numerical and descriptive statistics were calculated for all study variables. This 
included means, minimum maximum values, and standard deviations for continuous 
measures. Šidák test with repeated measurements was used to compare data.  
      Surface roughness analysis was performed in randomly selected samples. 
Descriptive statistics were computed to describe basic features including roughness 
average (Ra), horizontal and vertical distances. Mean differences in surface roughness 
between groups were compared by Šidák test.  
      The analysis of the relationship between the independent variables (handpiece and 
material) and the dependent variables (surface damage and efficiency) were analyzed 
using a general linear model. A general linear model (ANOVA) was used to compare the 
groups. When statistical difference was found, Šidák comparisons were employed for all 
post-hoc pairwise comparisons.  The fixed effects were handpiece and materials. The 
interaction effect was handpiece with materials. A Šidák adjustment was used for all 
post-hoc pairwise comparisons. Statistical significance was set at p < 0.001. R-project 







      Results from the in vitro study are shown in Tables 6, 7 and 8 and Figures 11 and 
12. The means and standard deviations of time to perform the cut were calculated for 
each of the burs with respect to cuts one to three. The mean time with standard deviation 
data for each group is shown in table 2. A mixed general linear model was conducted. 
The fixed effects were the test groups and the random effect was the cut performed on a 
ceramic block. Post hoc tests were conducted using Šidák pairwise comparisons. A 
significant difference was found between groups F (7,472) = 6.77, p < 0.001, η2 =11.2% 
(Table.2). The results of the first part of the study showed that electric handpieces 
generally performed more efficiently than air-turbine handpieces. The electric handpiece 
cut significantly faster (p < 0.05), which was between 1mm/ 2sec and 1mm/ 100 sec, than 
the air turbine handpiece, which was between 1mm/ 40 sec and 1mm/ 260 sec to perform 
a cut which was 4 mm long using either fine or coarse diamond bur on both the lithium 






Table 6. Cutting efficiency - Descriptive Statistics 
 
       The comparison of two dental handpieces performance on zirconia blocks showed 
no statistical difference. There are differences between the coarse diamond burs and the 
fine diamond burs, whereas the fine diamond burs cut faster through zirconia, but 
differences were not significant. When comparing between two dental handpieces 
performance on LDGC blocks, there were some statistical differences. There was no 
statistical difference (p> 0.05) between air-turbine and electric handpieces when using a 
coarse diamond bur to cut Lithium Disilicate Glass Ceramic (LDGC) blocks. However, 
there was a highly statistical difference (p<0.001) between air-turbine and electric  
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handpieces when using fine diamond burs to cut LDGC. The comparison of fine and 
coarse diamond burs when used with each handpiece showed statistical differences. It 
showed that an air-turbine in conjunction with coarse diamond burs cut through LDGC 
faster than an air-turbine with a fine diamond bur.  
 
      Table 7. Cutting efficiency - Pairwise comparisons with a Sidak adjustment 
 
     There was highly significant differences between fine and coarse diamond burs 
when used with air-turbine handpiece to cut LDGC. However, no statistical significance 
was found between the same types of burs when used in conjunction with the electric 
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handpiece on LDGC.  
      Fine diamond burs cut through lithium disilicate specimens significantly slower 
than coarse diamond burs (p< 0.05) when using the air turbine handpieces. Time to 
perform the cut through LDGC blocks using air-turbine and fine diamond burs ranged 
between 1mm/ 200 sec and 1mm/ 280 sec versus 1mm/ 80 sec to 1mm/ 100 sec using the 
electric handpiece and the same fine diamond bur type. However, fine diamond burs cut 
through zirconium oxide faster when compared to coarse diamond burs, but this was not 
statistically different (p > 0.05). The electric hand-piece exhibited a significantly faster 
rate when cutting through lithium disilicate using fine diamond burs compared to air-
turbine handpiece using the same bur type (p< 0.05).  Figure 11 shows the mean values 
for cutting efficiency with different handpieces, diamond burs, and the two ceramic 
materials. 
 
Figure 11:  Plot for the cutting efficiency comparison with different handpieces, diamond burs, and two 
ceramic materials.  
       For the second part of the study evaluating surface roughness, we conducted a 
general linear model (ANOVA). Models include fixed effects, which were hand-piece  
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and materials, and interaction effect, which was handpiece with materials. The fixed 
effects were test groups and the random effect was the ceramic block. Fixed 
effects model refers to a regression model in which the group means are fixed (non-
random) as opposed to a random effects model in which the group means are a random 
sample from a population. Ceramic blocks are considered to be random effects, because 
interest is not in those specific samples or blocks. Post hoc tests were conducted using 
Šidák pairwise comparisons. A significant difference was found between groups 
F(7,1752) = 4.13, p < 0.001, η2=24.5 (Table 4). LDGC blocks cut using coarse diamond 
burs and the electric hand-piece demonstrated the highest mean surface roughness among 
all groups. Zirconia blocks showed smoother surfaces when cut using the fine diamond 
bur and the air turbine handpiece compared to the coarse diamond bur and air-turbine 
handpiece group. 
 
              Figure 12: Pairwise comparison plot: Mean with 95% confidence intervals 
 
     The comparison of zirconia specimens cut with air-turbine and fine diamond burs 
to LDGC cut with electric handpiece and coarse diamond bur showed highly significant 
difference in surface roughness (Table 8). Figure 12 shows a pairwise comparison plot: 
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Mean with 95% confidence intervals.  
 
Table 8. Surface roughness - Descriptive Statistics 








1 12 7.47 2.65 3.76 13.21 
2 12 2.90 2.76 1.48 11.15 
3 12 8.93 3.72 5.37 18.67 
4 12 5.36 2.63 1.67 9.94 
5 12 7.95 1.96 5.37 11.09 
6 12 3.20 4.61 1.11 17.01 
7 12 10.13 9.45 4.02 36.41 














4.1 Overview  
         All-ceramic dental restorations have become the most prominent indirect 
restorative choice in clinical dentistry. Zirconia is being used more commonly for 
frameworks of all-ceramic restorations, due to its excellent mechanical properties, than 
other dental ceramics, and enhanced esthetics compared with metal–ceramic restorations. 
According to a report in 2011,
47
 zirconia restorations (zirconia-based restorations and 
monolithic zirconia restorations) accounted for 35% of indirect restorations produced in a 
specific group of dental laboratories in the USA.   
        Efforts to automate the production of dental restorations have initiated the 
development of computer aided design/computer-aided manufacture (CAD/CAM) units 
to process dental ceramics. 
54 
Computer-aided manufacturing of dental restorations help 
to reduce these limitations by using ceramic materials which are manufactured under 
highly controlled conditions with small variations in microstructure. In spite of increased 
machinability and physical properties, all presently available materials for CAD/CAM 




      Dental practitioners may encounter problems, such as chipping/fracture of 
restorations, recurrent caries and endodontic lesions that subsequently arise, which may 
require certain adjustments, endodontic access or total restoration removal in some cases. 
The latter can be performed conventionally by cutting the restoration out using a dental 
air-turbine or electric handpiece with diamond or carbide burs, depending on the 
restorative material. The same procedure is adopted to remove zirconia restorations. 
However, practitioners may predict the time to cut zirconia to be longer than for other 
dental materials due to its hardness and toughness. Therefore, the present study was 
designed to evaluate cutting efficiency and the resultant surface roughness produced by 
diamond rotary cutting instruments when used with electric hand-pieces versus air-
turbine hand pieces. This will allow researchers to determine suitable armamentarium for 
increased productivity and enhanced time management.  
     As reported previously, 
47,55,56
 it was stated that material response to abrasive 
machining depends strongly on microstructure and mechanical properties. Material 
microstructures greatly affect their mechanical properties such as hardness, elastic 
modulus and fracture toughness.  While removal rates were material dependent, the 
surface roughness was almost entirely determined by grit size. On the other hand, edge 
chipping was strongly material and grit size dependent.  
     According to Yin et al 
57
, the mechanisms of material removal determined through 
microscopic examination of the machined surfaces and the machining debris on the burs 
were found to consist of a combination of ductile and brittle-type chip formation 
processes. They found that the occurrence of brittle fracture increased as the diamond grit 
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size was increased. While the material removal process in ceramics was dominated by 
brittle fracture, zirconia was primarily subjected to ductile cutting.
55 
      In a similar study, a group of researchers investigated material removal 
mechanisms of two dental ceramics—feldspathic porcelain and yttria-stabilized 
tetragonal zirconia—using a dental handpiece and diamond burs with different grit 
sizes.
55 
They measured material removal rate as a function of total machining time using 
a constant load of 2 N on the bur, consistent with clinical cutting conditions. As the 
diamond grit size was increased from ultrafine (UF) (10 μh) to fine (F) (41 µm) and 
coarse (C) (172 µm), the removal rate and the resulting surface roughness for each 
material increased substantially. The results of that study were not in agreement with 
those of the present study. Our results showed that fine diamond burs cut through 
zirconium oxide specimens faster and more efficiently when compared to coarse 
diamond. The relationship between the removal rate and grit size, however, is not 
necessarily linear for all materials.
 55 
 
      Both the removal rate and the extent of chipping damage depend on the same 
properties that control deformation and fracture of the ceramics, i.e hardness and 
toughness
58
, that also control the mode of material removal, i.e brittle fracture versus 
plastic deformation.
59
 Such quasi-plasticity processes are driven by shear stresses. The  
brittle/ductile response of these two materials may influence the selection of diamond bur  
used to adjust dental ceramics. Due to the quasi-plastic behavior of zirconium oxide to 
grinding, diamond burs with large grit sizes may not necessarily increase the removal  
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rate. The zirconia ceramic, unlike the porcelain, did not exhibit fractures or chipping 
damage along the edges of the cut. Thus, fine diamond burs may suffice to cause 
substructure plastic deformation and cut through the material more efficiently. Brittle 
materials, however, require coarser burs to initiate micro-fractures.  
       In another study, 
55
 Ling Yin stated that adjusting with ultrafine burs was also 
predominantly ductile. A more systematic analysis is needed before an authoritative 
statement can be made. Examination in the scanning electron microscope (SEM) of the 
burs used to cut zirconia is necessary to evaluate the correlation between diamond 
particle size, particle penetration, method of material removal, and the resultant 
substructure changes in the tested materials. 
        Clinical preference for diamond burs over tungsten carbide (WC) burs for a variety 
of dental procedures is based on their greater resistance to abrasion, lower heat generation 
and longer life.
60
 Diamonds cut by abrasion, which is very similar to how sandpaper 
works. Since ceramics are brittle materials, using a carbide bur can damage the surface 
due to the vibration associated with the bur design. Diamonds are suited for cutting 
ceramics as the mechanism of grinding lends itself to a smoother cut with less vibration.  
On the other hand, carbides cut by slicing or shearing small particles of material. This 
action is more suited to cutting non-precious metal. In this study, the use of tungsten 
carbide burs was considered, however none of the manufacturers and dental laboratories 
recommended using carbide burs to cut either lithium disilicate or zirconium oxide. 
        Physical properties such as density and toughness/hardness of the specific  
ceramic material may affect the cutting ability of the diamond burs. Fine diamond burs  
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were selected based on a telephone survey with the manufacturer (Brassler USA, 
Savannah, GA) on their recommendation for dental adjustments on zirconia 
restorations.
61 
One previous study tested 15 types of round and tapered conventional and 
disposable burs. The authors found no statistical differences in cutting efficiencies of 
coarse and medium grit burs from the same manufacturer. 
55
 
         Electric motor high-speed handpieces are becoming more popular in dental 
offices. It has been reported that they cut more precisely and assist in the creation of finer 
margins that enhance cavity preparations.
 62 
In a study by Kenyon et al, researchers 
compared cavity preparations with both electric and air-turbine handpieces and found that 
scores earned by students using the electric handpiece versus the air-turbine handpiece 
were not significantly different.
46
 Very few studies in which the cutting efficiency was 
compared between an electric handpiece and an air-turbine handpiece can be found in the 
dental literature.    
        The testing regimen used in this study was adopted for its simplicity, 
reproducibility and for simulating a clinical situation (crown removal).  The latter was 
achieved by moving a handpiece towards a ceramic substrate, unlike in earlier studies in 
which the substrate was moved toward the handpiece simulating industrial cutting 
situations. For standardization, the substrate was marked to allow the bur to perform a cut 
of 4 mm in length and 3 mm in depth. The weight attached to the handpiece was fixated 
at a predetermined distance between the force applied and the bur. This aided somehow 
in maintaining force generated at the bur tip constant for all substrates. The position of 
the bur was constant for each cut, parallel to the substrate and pulled perpendicularly 
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down onto the block.  
        The same handpiece of each type was used throughout the study. These were 
maintained to ensure consistent operation by following manufacturer’s recommended 
lubrication regimen for both handpieces.  Air pressure was controlled to 33 psi for all 
cuts. Cutting was performed under a controlled rate of water spray. A study by Siegel and 
Patel in 2016 compared different diamond burs and different water flow rates on the 
cutting efficiency of sectioning through lithium disilicate glass ceramic. Their statistical 
analysis showed that the cutting rate of the diamond bur at 20 mL/min was significantly 
higher (P < .01) than cutting rate of the diamond bur at 15 mL/min.  
        Eikenberg compared the cutting efficiency of an electric motor handpiece versus an 
air-turbine handpiece using Macor glass ceramic blocks.
48
 Two different types of electric 
motor handpieces were compared to an air-turbine handpiece, using two different 
amounts of force. Results revealed that, for both forces, electric motor handpieces 
demonstrated greater efficiency in cutting the machinable glass ceramic than the air-
turbine handpiece. This is in accord with our research finding that electric handpiece cut 
significantly faster (p < 0.05) than the air turbine handpiece on both lithium disilicate and 
zirconia blocks. Also a recent study by Choi et al, who compared the cutting efficiency of 
an electric handpiece and an air-turbine handpiece, using various materials commonly 
used in dentistry.
49 
Results revealed that the electric handpiece cut more efficiently than 
the air-turbine handpiece. Due to the fact that an electric handpiece has variable power  
and higher torque than the air-turbine and is designed to maintain a set running speed,  
removing difficult crowns, bridges, and restorations becomes easier using an electric 
handpiece.  
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          Surface roughness of restorative materials caused by required dental 
adjustments should be minimized to obtain optimal biocompatibility. Rough surfaces 
may lead to abrasion of adjacent or opposing teeth, plaque retention, and soft tissue 
irritation. In the present study, LDGC blocks cut using coarse diamond burs and electric 
hand-piece demonstrated the highest mean surface roughness among all groups.
 
A 
previous SEM study 
49 
quantitatively assessed surface morphology of leucite-reinforced 
glass ceramic surfaces adjusted with coarse diamond burs. Authors found that neither 
depth of cut nor feed rate of the handpiece significantly affected surface roughness 
(p>0.05). When decreasing the depth of cut and the feed rate, there existed a brittle-to-
ductile transition tendency. These localized plastic deformations did not significantly 
improve the surface roughness. Brittle fracture was found to be the primary mechanism 
for material removal. Median and radial cracks due to mechanical impacts of diamond 
burs were the major cause of surface fracture in the leucite-reinforced glass ceramic.   
        In this study, the goal in using diamond burs over carbides, was to produce as few 
micro cracks in the functioning restoration as possible, allowing the restoration to remain 
in service without breaking. Large particles have the potential of making more micro 
cracks, while small particle diamond may produce less damage if the intent is only to 
make a hole in the crown and tooth for endodontic access. The present study also showed  
that zirconia blocks exhibited smoother surfaces when cut using the fine diamond bur and 
the air turbine handpiece.  Surface roughness of ceramic materials depends on its 
homogeneity and microstructure (grain size).
 2,63 
The grinding bur for zirconia contains a 
highly dense diamond abrasive. Although zirconia is a hard material, it is still not as hard 
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as alumina or diamond. The bur should be changed sequentially from coarse (large grain 
size) to fine (small grain size) diamond abrasives to achieve the maximum smooth 
surface.
 64
 Larger diamond grains have higher abrasiveness for ceramic, which also 
increases the amount of surface roughness.
 64
 Due to the fact that research studies on 
evaluating surface roughness of dental materials when different diamond burs and 
differnet handpieces have been used are sparse, further research is recommended to 
determine the correlation between the type of diamond bur and surface roughness of 
LDGC and zirconium oxide.  
      The results of the current investigation permit the following recommendation for 
the use of specific rotary instrument on certain ceramics. There is timesaving to adjust or 
remove zirconia ceramic restoration using an electric handpiece with fine diamond burs. 
The reason is that electric handpiece has higher torque than air-turbine handpieces, 
exhibits less vibration, and provides a precise cut with high concentricity. In addition, 
fine diamond burs, which are predominantly ductile, are suitable to cut through zirconia 
ceramics that are subjected to ductile cutting.  In improving the grinding efficiency for 
high strength ceramics using CAD/CAM, one of the effective methods is to use large 
diamond particles.
59 
Hence, to remove LDGC restorations in a more time efficient 






4.2 Limitations and future study 
      The limitations of this study includes that many other ceramic materials weren’t 
tested. Moreover, neither the substructure damage caused by cutting instrument nor the 
used burs were evaluated to confirm our results.  Further studies are recommended to test 
torque exerted by different dental handpieces. Also SEM research studies should be 
encouraged to include evaluating substructure damage of prepared ceramics, to provide a 
compelling rationale for using fine diamond burs to cut through zirconia in a fast manner 




















      This study was carried out to compare the cutting efficiency of different diamond 
rotary cutting instruments on two ceramic materials when used with an electric handpiece 
versus an air-turbine handpiece. This study also evaluated surface roughness exhibited by 
an electric hand-piece in comparison with an air-turbine hand-piece, when used to cut 
through ceramic restorative materials in a simulated crown removal procedure. 
• The comparison of two dental handpieces showed significant differences 
in cutting efficiency of dental diamond burs designed to cut into ceramic blocks.  
• An electric handpiece cuts through both lithium disilicate and zirconia 
faster than an air turbine handpiece.  
• Coarse diamond burs cut more efficiently through lithium disilicate with 
either type of handpiece.  
• Fine diamond burs cut more efficiently through zirconia with either type 
of handpiece.   
• In regards to surface roughness, zirconia blocks showed smoother surfaces 
when cut using the fine diamond bur and the air turbine handpiece. 
          Within the limitations of this study, it is recommended to use an electric handpiece 
using coarse diamond burs when cutting through lithium disilicate and electric handpiece 





Raw Data of Cutting Time  
Group	1:	Air-turbine	Handpiece	on	Zirconia	blocks	using	Coarse	diamond	bur	
	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 4:5	 4:5	 4:5	
	 2	 4:5	 4:4	 4:6	
3	 4:5	 4:4	 4:5	
4	 4:5	 4:5	 4:5	
5	 4:4	 4:5	 4:4	
6	 4:6	 4:6	 4:4	
7	 4:5	 4:5	 4:5	
8	 4:5	 4:5	 4:6	
9	 4:0	 4:2	 4:2	
10	 4:2	 4:4	 4:3	
11	 4:5	 4:4	 4:0	
12	 4:3	 4:3	 4:4	
13	 4:3	 4:5	 4:4	
14	 4:5	 4:2	 4:3	
15	 4:6	 4:5	 4:5	
16	 4:5	 4:5	 4:5	
17	 4:0	 4:2	 4:3	
18	 4:0	 4:4	 4:3	
19	 4:3	 4:3	 4:4	









	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 2:1	 2:2	 2:2	
	 2	 2:2	 2:2	 2:2	
3	 2:2	 2:2	 2:2	
4	 2:2	 2:2	 2:2	
5	 2:2	 2:2	 2:2	
6	 2:2	 2:2	 2:2	
7	 2:2	 2:2	 2:2	
8	 2:2	 2:2	 2:2	
9	 2:2	 2:2	 2:2	
10	 2:2	 2:2	 2:2	
11	 2:2	 2:2	 2:2	
12	 2:2	 2:2	 2:2	
13	 2:2	 2:2	 2:2	
14	 2:2	 2:2	 2:2	
15	 2:2	 2:2	 2:2	
16	 2:2	 2:2	 2:2	
17	 2:2	 2:2	 2:2	
18	 2:2	 2:2	 2:2	
19	 2:2	 2:2	 2:2	










	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 3:1	 3:1	 3:1	
	 2	 3:1	 3:1	 3:2	
3	 3:1	 3:1	 3:1	
4	 3:2	 3:1	 3:1	
5	 3:1	 3:2	 3:2	
6	 3:1	 3:1	 3:2	
7	 3:2	 3:2	 3:2	
8	 3:2	 3:2	 3:2	
9	 3:2	 3:2	 3:2	
10	 3:2	 3:2	 3:2	
11	 3:2	 3:2	 3:2	
12	 3:2	 3:2	 3:2	
13	 3:2	 3:2	 3:2	
14	 3:2	 3:2	 3:2	
15	 3:2	 3:2	 3:2	
16	 3:2	 3:2	 3:2	
17	 3:2	 3:2	 3:2	
18	 3:2	 3:2	 3:2	
19	 3:2	 3:2	 3:2	










	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 10:0	 10:0	 9:58	
	 2	 9:6	 9:6	 10:00	
3	 10:0	 10:0	 9.58	
4	 9:6	 10:0	 10:01	
5	 10:0	 9:6	 10:02	
6	 10:0	 10:0	 9:59	
7	 9:5	 9:5	 9:54	
8	 10:0	 9:6	 9:56	
9	 10:0	 10:0	 10:01	
10	 10:0	 10:0	 10:05	
11	 10:0	 9:6	 10:01	
12	 9:6	 9:6	 10:01	
13	 10:0	 10:0	 10:00	
14	 9:6	 10:0	 10:01	
15	 10:0	 10:0	 10:03	
16	 9:6	 10:0	 10:03	
17	 10:0	 9:6	 9:56	
18	 10:0	 10:0	 10:01	
19	 10:0	 10:0	 10:03	










	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 2:0	 1:0	 2:0	
	 2	 2:0	 2:0	 2:0	
3	 2:0	 2:0	 2:0	
4	 2:0	 2:0	 2:0	
5	 2:0	 2:0	 2:0	
6	 2:0	 2:0	 2:0	
7	 2:0	 2:0	 2:0	
8	 2:0	 2:0	 2:0	
9	 2:0	 2:0	 2:0	
10	 2:0	 2:0	 2:0	
11	 2:0	 2:0	 2:0	
12	 2:0	 2:0	 2:0	
13	 2:0	 2:0	 2:0	
14	 2:0	 2:0	 2:0	
15	 2:0	 2:0	 2:0	
16	 2:0	 2:0	 2:0	
17	 2:0	 2:0	 2:0	
18	 2:0	 2:0	 2:0	
19	 2:0	 2:0	 2:0	










	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 1:2	 1:3	 1:3	
	 2	 1:3	 1:3	 1:3	
3	 1:3	 1:3	 1:3	
4	 1:3	 1:3	 1:3	
5	 1:3	 1:3	 1:3	
6	 1:3	 1:3	 1:3	
7	 1:3	 1:3	 1:3	
8	 1:3	 1:3	 1:3	
9	 1:3	 1:3	 1:3	
10	 1:3	 1:3	 1:3	
11	 1:3	 1:3	 1:3	
12	 1:3	 1:3	 1:3	
13	 1:3	 1:3	 1:3	
14	 1:3	 1:3	 1:3	
15	 1:3	 1:3	 1:3	
16	 1:3	 1:3	 1:3	
17	 1:3	 1:3	 1:3	
18	 1:3	 1:3	 1:3	
19	 1:3	 1:3	 1:3	










	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 0:6	 1:0	 1:0	
	 2	 1:0	 0:6	 1:0	
3	 0:6	 1:0	 1:0	
4	 1:0	 1:0	 1:0	
5	 1:0	 0:6	 1:0	
6	 0:6	 1:0	 0:6	
7	 1:0	 1:0	 1:0	
8	 1:0	 0:6	 1:0	
9	 0:6	 0:6	 0:6	
10	 1:0	 1:0	 0:6	
11	 0:6	 0:6	 0:6	
12	 1:0	 0:6	 1:0	
13	 0:6	 1:0	 1:0	
14	 1:0	 0:6	 0:6	
15	 0:6	 1:0	 0:6	
16	 1:0	 0:6	 0:6	
17	 1:0	 1:0	 0:6	
18	 1:0	 1:0	 0:6	
19	 1:0	 0:6	 0:6	










	 Sample	 1st	cut	 2nd	cut	 3rd	cut	
Time	(min)	 1	 4:5	 5:0	 4:6	
	 2	 5:0	 4:6	 4:6	
3	 5:0	 5:0	 5:0	
4	 4:5	 5:0	 5:0	
5	 5:0	 5:0	 5:0	
6	 5:0	 5:0	 4:6	
7	 5:0	 5:1	 5:0	
8	 5:0	 4:6	 5:0	
9	 4:5	 5:0	 4:6	
10	 5:0	 5:0	 5:0	
11	 5:0	 5:0	 5:0	
12	 4:6	 5:0	 5:0	
13	 5:0	 4:6	 5:0	
14	 5:0	 4:6	 5:0	
15	 5:0	 4:6	 5:	
16	 4:6	 4:6	 4:6	
17	 5:0	 4:0	 5:0	
18	 4:6	 5:0	 5:0	
19	 5:0	 5:0	 5:0	




































	 1	 7.07	 999.8	 0	
2	 5.47	 999.8	 0	
3	 7.71	 999.8	 0	
4	 6.20	 999.8	 0	
5	 3.75	 999.8	 0	
6	 7.77	 999.8	 0	
Sample	2	 1	 6.84	 999.8	 0	
	 2	 4.91	 999.8	 0	
3	 6.14	 999.8	 0	
4	 10.38	 999.8	 0	
5	 13.21	 999.8	 0	


































	 1	 1.48	 999.8	 0	
2	 1.76	 999.8	 0	
3	 4.37	 999.8	 0	
4	 1.54	 999.8	 0	
5	 1.85	 999.8	 0	
6	 11.15	 999.8	 0	
Sample	2	 1	 1.83	 999.8	 0	
	 2	 1.84	 999.8	 0	
3	 1.89	 999.8	 0	
4	 1.68	 999.8	 0	
5	 1.57	 999.8	 0	


































	 1	 7.53	 999.8	 0	
	 2	 6.21	 999.8	 0	
3	 5.27	 999.8	 0	
4	 7.43	 999.8	 0	
5	 7.95	 999.8	 0	
6	 18.67	 999.8	 0	
Sample	2	 1	 10.27	 999.8	 0	
	 2	 8.46	 999.8	 0	
3	 6.83	 999.8	 0	
4	 8.93	 999.8	 0	
5	 6.35	 999.8	 0	


































	 1	 5.60	 999.8	 0	
2	 4.34	 999.8	 0	
3	 5.29	 999.8	 0	
4	 9.94	 999.8	 0	
5	 3.76	 999.8	 0	
6	 3.27	 999.8	 0	
Sample	2	 1	 4.14	 999.8	 0	
	 2	 4.38	 999.8	 0	
3	 1.67	 999.8	 0	
4	 8.34	 999.8	 0	
5	 3.79	 999.8	 0	


































	 1	 5.37	 999.8	 0	
2	 5.58	 999.8	 0	
3	 5.59	 999.8	 0	
4	 8.51	 999.8	 0	
5	 11.09	 999.8	 0	
6	 5.53	 999.8	 0	
Sample	2	 1	 9.58	 999.8	 0	
	 2	 8.54	 999.8	 0	
3	 8.56	 999.8	 0	
4	 8.99	 999.8	 0	
5	 9.88	 999.8	 0	


































	 1	 1.35	 999.8	 0	
2	 1.41	 999.8	 0	
3	 17.01	 999.8	 0	
4	 1.26	 999.8	 0	
5	 1.11	 999.8	 0	
6	 2.99	 999.8	 0	
Sample	2	 1	 1.59	 999.8	 0	
	 2	 1.59	 999.8	 0	
3	 6.49	 999.8	 0	
4	 1.17	 999.8	 0	
5	 1.26	 999.8	 0	
































	 1	 6.69	 999.8	 0	
2	 36.40	 999.8	 0	
3	 10.99	 999.8	 0	
4	 5.36	 999.8	 0	
5	 4.02	 999.8	 0	
6	 5.36	 999.8	 0	
Sample	2	 1	 6.09	 999.8	 0	
	 2	 7.28	 999.8	 0	
3	 4.79	 999.8	 0	
4	 8.55	 999.8	 0	
5	 5.14	 999.8	 0	




























	 1	 13.36	 999.8	 0	
2	 7.76	 999.8	 0	
3	 4.78	 999.8	 0	
4	 4.92	 999.8	 0	
5	 7.49	 999.8	 0	
6	 5.50	 999.8	 0	
Sample	2	 1	 2.96	 999.8	 0	
	 2	 3.11	 999.8	 0	
3	 9.25	 999.8	 0	
4	 4.97	 999.8	 0	
5	 2.39	 999.8	 0	
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Table 3.  
 






Table 4.  
 
Surface roughness - Descriptive Statistics 
 
 








1 12 7.47 2.65 3.76 13.21 
2 12 2.90 2.76 1.48 11.15 
3 12 8.93 3.72 5.37 18.67 
4 12 5.36 2.63 1.67 9.94 
5 12 7.95 1.96 5.37 11.09 
6 12 3.20 4.61 1.11 17.01 
7 12 10.13 9.45 4.02 36.41 
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